Corrosion inhibition performance of l-alpha-aminoisocaproate on high carbon steel in 1 M HCl solution has been studied by weight loss measurement, open circuit potential measurement, optical microscopy and ATF-FTIR spectral analysis. The results showed the inhibition performance of l-alpha-aminoisocaproate is time dependent attaining an optimal value of 85.88 % at 5.63 % l-alpha-aminoisocaproate concentration (highest concentration) after 288 h of exposure. The corrosion potential plots of the high carbon steel at 0.91 % (lowest concentration) and 5.63 % l-alpha-aminoisocaproate concentration were more electropositive than the plots at 0% l-alpha-aminoisocaproate concentration due to the effective inhibition performance of l-alpha-aminoisocaproate in counteracting the oxidation of the carbon steel in the presence of chloride anions. Identified functional groups of alcohols, phenols, primary and secondary amines and amides, carboxylic acids, alkynes, aromatics, alkenes and alkanes consisting of O-H stretch, free hydroxyl, H-bonded, N-H stretch, -C(triple bond)C-H: C-H stretch, C-H stretch and =C-H stretch bonds where responsible for the corrosion inhibition. The optical morphology of the carbon steel after 7200 s of exposure in the acid solution without l-alpha-aminoisocaproate was severely corroded in contrast to the morphology of the steel in the presence of l-alpha-aminoisocaproate which underwent minor deterioration due to the time dependent action of the inhibitor.
INTRODUCTION


Carbon steels are extensively used as construction materials in most industries due to their relatively low cost and excellent mechanical properties [1] . However, they are susceptible to corrosion in aqueous acid environments containing electroactive anions such as chlorides, sulphates, thiosulphates etc. Acidic conditions are prevalent in industrial processes resulting in extensive corrosion damage equipment, structures and pipeline systems made of carbon steels [2 -4] . The high cost of corrosion impacts negatively on the revenues of industries due to the need for maintenance, replacement of corroded parts and corrosion control methods. affects numerous industries [5] . In addition to the high cost, environmental and health impact of corrosion are worthy of note especially risks associated sudden breakdown and collapse of structures resulting leaks and hazardous exposure to dangerous chemicals. Corrosion inhibition of carbon steels is the safest, economical and most important method for the sustainability of carbon steels during application. Other methods used for corrosion protection include cathodic protection, anodizing, galvanizing, anodic protection, paint coating, electroplating etc.
Corrosion inhibitors of inorganic origin such as those containing phosphates, chromates, and other heavy metals have been proven to be effective on carbon steels. However, their toxicity and problems emanating from safe disposal have resulted in their outright ban by regulatory authorities [6 -14] . In recent years non-polluting green chemical compounds have been studied for their corrosion inhibition properties. In view of the above this research aims to evaluate the corrosion inhibition performance of L-alphaaminoisocaproate, an alpha amino acid on high carbon steel in dilute hydrochloric acid.
EXPERIMENTAL METHODS
High carbon steel (HCS) obtained commercially has a nominal (wt.%) composition shown in Table 1 (from energy dispersive spectrometer analysis at the Materials Characterization Laboratory, Covenant University). The HCS specimens were grinded with silicon carbide papers (80, 320, 600, 800 and 1000 grit) after machining before being cleansed with deionized water and acetone and kept in a desiccator for weight loss and open circuit potential measurement. L-alpha-aminoisocaproate (LAA) obtained from Sigma Aldrich, USA is a white powdery solid with a molar mass of 131.17 g/mol. 200 mL of 1 M HCl/0.91 %, 1.88 %, 2.81 %, 3.75 %, 4.69 % and 5.63 % LAA was prepared from analar grade of HCl acid (37 %) with deionized water. 
where ω is the weight loss in mg, D is the density in g/cm 3 , A is the total surface area of the coupon in cm 2 and 87.6 is a constant for corrosion rate determination in mm/y. t is the time in h.
Inhibition efficiency () was determined from the equation below:
where ω1 and ω2 are the mass loss at specific LAA concentrations. Open circuit potential measurement (OCP) was performed at 0.2 V/s step potential for 7200 s to study the active-passive behaviour of HCS at rest potentials in the electrolyte solution. Optical micrographs of corroded and inhibited HCS morphology were analysed after OCP with Omax trinocular metallurgical microscope using ToupCam software for analysis. IR absorption Table to identify the functional groups responsible for corrosion inhibition.
RESULTS AND DISCUSSION
Weight-loss measurement
Experimental data for weight-loss (WL) and corrosion rate (CR) of HCS, and LAA inhibition efficiency (INF) obtained in 1M HCl solution for 288 h of exposure are shown in Table 2 -Table 4 . The corrosion rate of HCS at 0 % LAA concentration (Table 3) decreased for the first 72 h of exposure to 0.0081 mm/y before increasing progressively to 0.0111 mm/y at 264 h. Within this time frame the weight loss of HCS (Table 2) increased significantly due to severe anodic dissolution and deterioration of the surface morphology of HCS. Due to lack of passivation characteristics on the surface of HCS, continuous deterioration and oxide formation result in the formation of pores and channels within the oxide layer which further aggravates the corrosion HCS. After 240 h the increase in corrosion rate stalled at 0.0111 mm/y due to weakening of the corrosive test solution. At 0.91 % -5.63 % LAA concentration, HCS corrosion rate reduced significantly with respect to LAA concentration from the onset of the exposure hours (24 h) to 288 h due to the electrochemical action of protonated LAA molecules acidinhibitor solution which effectively suppressed the redox reactions on HCS surface. LAA inhibition efficiency values (Table 4) 
Open circuit potential measurement and optical microscopy
Variation of open circuit corrosion potentials plots of HCS at 0 %, 0.91 % and 5.63 % LAA concentration versus exposure time for 7200 s are shown in Fig. 1 . Table 4 . The open circuit corrosion potential plot at 0 % LAA appears more electronegative than the plots at 0.91 % and 5.63 % LAA due to the electrochemical action of Cl -anions on HCS surface. This is proven from the stark contrast between the morphology in Fig. 2 b, and Fig. 3 . Fig. 2 b shows a severely degraded morphology. The processes responsible for its occurrence have been explained under the weight loss sub-section. The corrosion potential plot at 0 % LAA concentration initiated at -0.384 VAg/AgCl (0 s) and increased progressively before attaining quasi equilibrium state from 1000.01 s ( -0.360 VAg/AgCl) to 7200 s at -0.356 VAg/AgCl. The corrosion potential plot of HCS at 0.91 % and 5.63 % LAA concentration shifted in the positive direction due to the presence and inhibiting action of LAA compound which hindered the oxidation of HCS in the acid solution. HCS at 0.91 % LAA attained quasi equilibrium state at 1000.0 s ( -0.332 VAg/AgCl) to 7200 s at -0.336 VAg/AgCl. Increase in LAA concentration to 5.63 % caused a further shift in corrosion potential to more positive values due to the presence of more LAA molecules to counteract the electrolytic diffusion and action of Cl -anions on HCS surface. The optical images in Fig. 3 confirms this assertion where the morphologies of HCS appears less deteriorated compared to the morphology at 0 % LAA. The slight deterioration shown in Fig. 3 is due to the time dependent inhibition action of LAA compound as shown in Table 4 where 
ATF-FTIR Spectroscopy analysis
Functional groups present within LAA compound responsible for corrosion inhibition and adsorption reactions on HCS were exposed by ATF-FTIR spectroscopy and equated with ATR-FTIR Theoretical Table [16, 17] . Fig. 1 shows the spectra plots of 1M HCl/LAA solution before and after HCS corrosion. The transmittance of calculated wavenumbers of 1M HCl/ LAA solution before corrosion at intervals between 500 -3460 cm -1 increased visibly after corrosion due to concentration of LAA molecules on HCS surface. This observation shows limited adsorption of LAA molecules occurred due to physisorption adsorption, however judging from LAA inhibition efficiency data in Table 3 , is assumed that LAA concentrated on HCS surface forming effective surface coverage of the steel which prevents further electrochemical reaction resulting in corrosion. Identified functional groups of alcohols, phenols, primary and secondary amines and amides, carboxylic acids, alkynes, aromatics, alkenes and alkanes consisting of bonds such as O-H stretch, free hydroxyl, H-bonded, N-H stretch, -C(triple bond)C-H: C-H stretch, C-H stretch and =C-H stretch bonds were responsible for the corrosion inhibition of HCS steel. The presence of N and O heteroatom within its molecular structure, the α-amino groups (NH2 − ) protonates to become positive α-ammonium groups (+NH3 − ) in the acid solution and inhibits further corrosion of HCS through adsorption via the negatively charged chloride ions, resulting in the pi electrons and unshared electrons pairs forming a strong bond with vacant d-orbital of HCS surface [18] . In the presence of LAA compound, transition from active deterioration of HCS surface to the passive state was gradual due to the time dependent action of LAA adsorption on HCS. 
CONCLUSIONS
L-alpha-aminoisocaproate effectively inhibited the corrosion of high carbon steel in 1 M HCl solution. The functional groups identified with ATF-FTIR spectral analysis adsorbed unto the steel through Van der Waals forces forming an effective molecular covering on the steel surface. The presence of heteroatoms within the protonated α-amino groups in the acid solution progressively inhibits the electrochemical processes responsible for corrosion of the high carbon steel [19, 20] . Open circuit potential plots from the acid solution with inhibitor concentrations were significantly more electropositive than the plot without inhibitor due to the protective film formed by the inhibitor molecules on the steel. 
